Introduction
============

Angiogenesis, the formation of new vascular structures, is essential for tumor growth and metastasis ([@b1-ol-0-0-11815],[@b2-ol-0-0-11815]). The degree of angiogenesis is a marker of diagnosis and prognosis in several human solid tumors ([@b3-ol-0-0-11815]--[@b5-ol-0-0-11815]). Endothelial progenitor cells (EPCs) have the potential to migrate, proliferate and differentiate into vascular or lymphatic endothelial cells, contributing to angiogenesis in ischemic diseases and tumor progression ([@b6-ol-0-0-11815],[@b7-ol-0-0-11815]).

Hepatocellular carcinoma (HCC) is one of the most prevalent tumor types and the second leading cause of cancer-related mortality in China ([@b8-ol-0-0-11815]). HCC is a highly angiogenic tumor, and the degree of angiogenesis correlates directly with prognosis ([@b9-ol-0-0-11815],[@b10-ol-0-0-11815]). Due to vigorous angiogenesis, HCC has a high incidence of early postoperative *in situ* or distant site recurrence, leading to a poor long-term prognosis ([@b11-ol-0-0-11815]). Previous studies have reported that EPCs contribute to angiogenesis in HCC ([@b12-ol-0-0-11815]--[@b14-ol-0-0-11815]). The number of EPCs is also known to be positively correlated with the invasive stages of HCC ([@b15-ol-0-0-11815]). Furthermore, HCC metastasis progression is inhibited by reducing the EPC population in an orthotopic liver cancer model ([@b16-ol-0-0-11815]). Pro-angiogenesis factors, such as vascular endothelial growth factor (VEGF) and platelet-derived growth factor, are highly expressed in human HCC tissues, and EPCs are considered to participate in this process ([@b17-ol-0-0-11815]). Therefore, elucidating the interactions between HCC pathophysiological changes and EPCs is critical for developing new therapeutic options.

Bile acid levels are increased in most patients with HCC, due to tumor progression ([@b18-ol-0-0-11815],[@b19-ol-0-0-11815]). Previous studies have revealed that disruption of the bile acid balance is associated with the development of liver diseases ([@b18-ol-0-0-11815],[@b20-ol-0-0-11815]). Moreover, bile salt may function as a survival agonist and potential carcinogen, inducing chemoresistance in HCC ([@b21-ol-0-0-11815],[@b22-ol-0-0-11815]). Another study reported that tauroursodeoxycholic acid, a type of bile acid, promoted blood vessel repair by recruiting vasculogenic progenitor cells (CD34^+^) ([@b23-ol-0-0-11815]) Additionally, it has been demonstrated that EPCs are activated in the bone marrow by VEGF and migrate to the site of tumor angiogenesis ([@b24-ol-0-0-11815],[@b25-ol-0-0-11815]). The effects of VEGF are primarily mediated via the VEGF receptor-2 (VEGFR-2) in endothelial cells ([@b26-ol-0-0-11815]--[@b28-ol-0-0-11815]). However, the mechanisms underlying the contribution of EPC recruitment to tumor cell metastasis are complicated, and the relationship between bile acid levels and EPC-induced angiogenesis remains unknown. Thus, the present study detected VEGFR-2 and CD34 expression levels in HCC tumors, and the relationship between the bile acid levels and EPC number was subsequently analyzed.

Materials and methods
=====================

### Patients, tissue samples and peripheral blood

The present study obtained 72 pairs of tumor and matched adjacent tissues all from patients (median age, 54; age range, 33--72 years; 60 males and 12 females) with HCC who were undergoing curative resection at the Liver Surgery Department of Eastern Hepatobiliary Surgery Hospital (EHBH; Shanghai, China) between June 2013 and September 2013. According to the pathologist\'s judgment criteria, \<3 cm was classed as 'adjacent' to cancer tissue, 3--5 cm was classed as 'near' cancer tissue and \>5 cm was defined as 'distant' to cancer tissue. These tissues were used to construct tissue microarrays (TMAs) for immunohistochemical (IHC) analysis. All the patients were followed up for ≥5 years, with a median follow-up period of 42 months (range, 1--76 months). Additionally, 500 µl peripheral blood samples from 64 other patients with HCC were obtained before they had undergone curative resection. Clinicopathological characteristics, such as gender, age, tumor size, and bile acid, α-fetoprotein (AFP) and total bilirubin levels, were obtained from the patient\'s medical records. The study was approved by the Committee of Research Ethical Research at EHBH (approval no. EHBHKY2018-1-019), and prior patient written informed consent was obtained from all enrolled patients.

### TMA-IHC staining

All the samples were frozen at −196°C in liquid nitrogen until further examination. The samples were fixed in 4% paraformaldehyde at room temperature for 24 h and were then embedded in paraffin. The samples embedded in paraffin for TMA were collected using needles (diameter, 1.5 mm) from a section of tumors and matched adjacent tissues. TMAs were cut at 3 µm using a manual rotary microtome (RM2235; Leica Microsystems, Inc). In total, one set of TMA was evaluated for VEGFR-2 expression, and another set was evaluated for CD34 expression. TMAs were deparaffinized in xylene, rehydrated via a graded alcohol series (100, 85 and 75%) and then peroxidase activity was blocked using 3% H~2~O~2~ in methanol for 15 min at room temperature. For antigen retrieval, TMAs were boiled twice at 96°C under atmospheric pressure in citrate buffer (pH 6.0; cat. no. E673000; Sangon Biotech Co., Ltd.) for 5 min. Non-specific binding was blocked by 5% goat serum (cat. no. E661003; Sangon Biotech Co., Ltd.) in PBS for 15 min at room temperature. After washing with PBS, the sections were incubated with primary antibodies (VEGFR-2: 1:1,000; cat. no. ab9530; Abcam; CD34: 1:100; cat. no. sc-74499; Santa Cruz Biotechnology, Inc.) for 1 h at room temperature and then at 4°C overnight. After washing, TMAs were incubated with a horseradish peroxidase-conjugated secondary antibody (1:1,000; cat. no. ab6789; Abcam) for 30 min at 37°C, the color was developed by a 15 min incubation at room temperature with DAB solution (cat. no. E670033; Sangon Biotech Co., Ltd.) and then the sections were weakly counterstained with hematoxylin for 10 min at room temperature. Negative controls were included using the replacement of the primary antibody with PBS.

A single-blind method was set to evaluate the IHC results independently by a pathologist. The counting protocol was performed according to a previous report ([@b29-ol-0-0-11815]). CD34 and VEGFR-2 were counted in a microscopic field using a light microscope at ×400 magnification (0.0156 mm^2^/field of view). In total, three different random areas were selected, the percentage score and intensity score were calculated and then the average score was calculated. The percentages of TMA-IHC positive cells were scored into four categories according to the staining intensity: 1 for 0--10%, 2 for 10--40%, 3 for 40--70% and 4 for 70--100%. The TMA-IHC staining intensities were also scored into four grades: 1, 2, 3 and 4, as aforementioned. The sum of the percentages and intensity scores was used as the final TMA-IHC staining score and was defined as follows: 1--3, low expression; and 4--8, high expression. The sample was assigned to each group according to the sum of the percentage score and the intensity score.

### Flow cytometry

For flow cytometry analysis, a total of 500 µl peripheral blood was collected from each patient with HCC. The blood samples were hemolyzed using 2 ml ammonium chloride solution (STEMCELL Technologies, Inc.), vortexed and incubated at room temperature for 30 min. Subsequently, the samples were washed in PBS and centrifuged at 500 × g for 5 min at 4°C, the supernatant was discarded and the remaining cells (peripheral blood mononuclear cells) were resuspended in PBS. The samples were then stained with monoclonal antibodies against CD34 (1:50; cat. no. 11-0349), CD133 (1:100; cat. no. 17-1338) and VEGFR-2 (1:50; cat. no. 12-5821) (all from Affymetrix; Thermo Fisher Scientific, Inc.) at 4°C for 1 h. Next, the samples were subjected to two-dimensional side scatter-fluorescence histogram analysis using a FACS instrument (Beckman Coulter, Inc.). Data analyses were performed using Flow-Jo (version X) flow cytometry analysis software (FlowJo LLC).

### Statistical analysis

All experiments were repeated three times. A χ^2^ test was used to compare the CD34 and VEGFR-2 immunostaining results in different clinical feature groups. Cox regression was used to conduct univariate and multivariate analyses of prognostic factors for survival. Overall survival (OS) curves were estimated using the Kaplan-Meier method and the log-rank test. Student\'s t-test was used to compare two sets of data. Linear regression was used to analyze the relationship between the bile acid level and EPC and CPC numbers. Data were analyzed using Stata Statistical Software (Release 13; StataCorp LLC). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### VEGFR-2 and CD34 expression levels and clinicopathological characteristics

Among the 72 patients, 41 (56.94%) and 44 (61.11%) demonstrated high expression levels of VEGFR-2 and CD34, respectively. Representative IHC staining images of VEGFR-2 and CD34 are presented in [Figs. 1](#f1-ol-0-0-11815){ref-type="fig"} and [2](#f2-ol-0-0-11815){ref-type="fig"}. VEGFR-2 expression was found to be significantly associated with the tumor size (P\<0.001), bile acid level (P=0.014) and AFP level (P=0.011; [Table I](#tI-ol-0-0-11815){ref-type="table"}). The other clinical characteristics, including sex, age, HBV infection, TNM stage, pathological grade, recrudescence, liver cirrhosis, satellite nodules, venous invasion, Child-Pugh stage ([@b30-ol-0-0-11815]) and total bilirubin level, were not directly associated with the expression of VEGFR-2 ([Table I](#tI-ol-0-0-11815){ref-type="table"}). However, CD34 expression was significantly associated with the tumor size (P=0.009), recrudescence (P\<0.001) and bile acid level (P=0.009). Other clinical characteristics, including sex, age, HBV infection, TNM stage, pathological grade, liver cirrhosis, satellite nodules, venous invasion, Child-Pugh stage, AFP level and total bilirubin level were not directly related to the expression of CD34 ([Table II](#tII-ol-0-0-11815){ref-type="table"}).

### Comparison of VEGFR-2 and CD34 expression in tumor and matched adjacent tissue according to the bile acid level

Previous analyses have revealed that both VEGFR-2 and CD34 expression levels are associated with the bile acid level ([@b24-ol-0-0-11815],[@b31-ol-0-0-11815]). Therefore, the expression levels of these two biomarkers in tumor and matched adjacent tissues were compared with the bile acid level. The expression levels of VEGFR-2 and CD34 were higher in tumors compared with matched adjacent tissues, but there was no difference between the high and low bile acid groups (VEGFR-2, P=0.96, [Table III](#tIII-ol-0-0-11815){ref-type="table"}; CD34, P=0.78, [Table IV](#tIV-ol-0-0-11815){ref-type="table"}). The score of VEGFR-2 (P=0.044; [Table SI](#SD1-ol-0-0-11815){ref-type="supplementary-material"}) was higher in the high bile acid group compared with that in the low bile acid group in the non-tumor adjacent tissues, while the score of CD34 (P=0.020; [Table SII](#SD1-ol-0-0-11815){ref-type="supplementary-material"}) was higher in the high bile acid group compared with that in the low bile acid group in both the tumor and matched adjacent tissues.

### Comparison of the prognostic impact of VEGFR-2 and CD34 expression in tumor tissues

At the last follow up, 52.78% of all cases presented recurrence and mortality occurred in 44.44% cases. The OS of patients with high VEGFR-2 expression was decreased compared with patients with low VEGFR-2 expression, but this difference was not significant (29.73 months vs. 65.83 months, respectively; P=0.094; [Fig. 3](#f3-ol-0-0-11815){ref-type="fig"}). Additionally, patients with high CD34 expression had a significant difference in OS compared with patients with low CD34 expression in Kaplan-Meier curve analysis (28.30 months vs. 65.38 months, respectively; P=0.029; [Fig. 4](#f4-ol-0-0-11815){ref-type="fig"}).

Univariate and multivariate analyses of OS were performed in patients with HCC. Univariate analysis indicated that the TNM stage (P=0.030), recrudescence (P=0.048), VEGFR-2 (P\<0.001) and CD34 (P=0.005) were significantly associated with OS ([Table V](#tV-ol-0-0-11815){ref-type="table"}). Moreover, multivariate Cox regression analysis suggested that VEGFR-2 (P=0.020) and CD34 (P=0.035) were independent prognostic factors for OS, while the TNM stage and recrudescence were not ([Table V](#tV-ol-0-0-11815){ref-type="table"}).

### Comparison of the number of EPCs and circulating progenitor cells (CPCs) in peripheral blood cells of patients with HCC patients before surgery

As aforementioned, the expression levels of VEGFR-2 and CD34 were related to the bile acid level. Additionally, VEGFR-2 and CD34 expression levels were closely associated to the number of EPCs and CPCs. To determine the relationship between the bile acid level and the number of EPCs and CPCs, flow cytometry was performed on the peripheral blood of patients with HCC before curative resection. These data indicated that the number of EPCs and CPCs was reduced in the high bile acid group compared with the low bile acid group ([Fig. 5A-D](#f5-ol-0-0-11815){ref-type="fig"}). However, only EPCs had a statistically significant difference (P=0.044; [Fig. 5B](#f5-ol-0-0-11815){ref-type="fig"}). Furthermore, EPC (P=0.005; [Fig. 5E](#f5-ol-0-0-11815){ref-type="fig"}) and CPC (P=0.01; [Fig. 5F](#f5-ol-0-0-11815){ref-type="fig"}) numbers were negatively related to the bile acid levels, and the EPCs and CPCs demonstrated an undifferentiated bilirubin state in different groups ([Fig. S1](#SD1-ol-0-0-11815){ref-type="supplementary-material"}).

Discussion
==========

Pathological angiogenesis is a crucial hallmark of cancer progression, including in HCC. Although the relationship between VEGFR-2 expression in tumors and clinicopathological characteristics has been extensively studied ([@b32-ol-0-0-11815]--[@b34-ol-0-0-11815]), the expression levels of VEGFR-2 and CD34 in both tumor tissues and adjacent tissues from patients with HCC remains elusive. The present results demonstrated that VEGFR-2 and CD34 expression levels were negatively related to OS in patients with HCC. Additionally, both expression markers were independent prognosis factors according to univariate and multivariate analyses. Huang *et al* ([@b35-ol-0-0-11815]) reported that high expression of VEGFR-2 in HCC was related to a large tumor diameter, poor differentiation, high serum AFP levels, multifocal gross classification and \<5 years of survival. Moreover, it was revealed that high VEGFR-2 expression and stage grouping with TNM classification were independent prognostic factors ([@b35-ol-0-0-11815]); these findings were consistent with the present results. VEGFR-2 is known to be a key target in anti-angiogenesis during anti-tumor treatment ([@b36-ol-0-0-11815]--[@b38-ol-0-0-11815]). Tsuji *et al* ([@b39-ol-0-0-11815]) revealed that CD34 expression in the capillaries and sinusoids of non-cancerous hepatic tissue was a risk factor for the multicentric recurrence of HCC. In the present study, it was found that CD34 expression in HCC tumor tissue was a risk factor for recurrence. Furthermore, the morphology of VEGFR-2- and CD34-positive cells in HCC tumors reported in previous studies were consistent with those in the current study ([@b39-ol-0-0-11815]--[@b41-ol-0-0-11815]).

VEGFR-2 and CD34 co-expression has previously been used as a characteristic marker of EPCs ([@b42-ol-0-0-11815]--[@b44-ol-0-0-11815]). Zahran *et al* ([@b44-ol-0-0-11815]) reported that EPCs were higher in patients with HCC compared with healthy controls, and increased levels of EPCs were associated with worse OS in HCC. EPCs present an undifferentiated bilirubin state in different groups ([@b44-ol-0-0-11815]), a finding that was corroborated by the present study. However, in the current study, the number of EPCs in the peripheral blood of patients with HCC was negatively related with the bile acid level. In addition, VEGFR-2 and CD34 expression levels were increased in the high bile acid group. The cause of this contradiction may be that EPCs were activated into tumor cells from the peripheral blood in the high bile acid group. Zhu *et al* ([@b42-ol-0-0-11815]) revealed that various subgroups of bone marrow-derived cells exhibit synergistic effects of BM-derived CD45^+^CD133^+^ and VEGFR2^+^CD133^+^ cells on HCC tumor progression at different stages, facilitate the recovery of bone marrow function and promote tumor growth.

In the present study, bile acid was suggested to promote EPC-induced angiogenesis in HCC tumors. The bile acid level was positively related to the VEGFR-2 and CD34 expression levels in tumor and matched adjacent tissues. Moreover, the number of EPCs was decreased in the high bile acid group in the peripheral blood of patients with HCC. A possible explanation for this phenomenon is that EPCs and CPCs may be activated by bile acid, thus translocating to adjacent tissues and stimulating tumor progression ([@b24-ol-0-0-11815]). However, different types of bile acid may have various roles in HCC. For instance, Wang *et al* ([@b22-ol-0-0-11815]) showed that bile acid induced tumor cell survival and chemoresistance in HCC. Additionally, the interaction between the enterohepatic circulation of bile acid and intestinal flora complicates the role of bile acid in HCC. For example, Yamada *et al* ([@b18-ol-0-0-11815]) demonstrated that bile acid was regulated by gut microbiota and promoted HCC development. This should be further investigated in future studies.

The present study has some limitations. EPC-induced angiogenesis should be confirmed via the merged imaging of proliferation, stem cell and endothelial markers, such as BrdU, CD34 and VEGFR-2 using confocal immunofluorescence. Furthermore, the results would be more reliable if tissue and blood samples were derived from the same group of patients. The effects and mechanism of bile acid on EPCs and angiogenesis also require further investigation using primary cells *in vitro* and *in vivo*.

In conclusion, the present study demonstrated that bile acid promoted VEGFR-2 and CD34 expression induced by EPCs in HCC, and that these two markers were expressed at higher levels in tumor tissues compared with in matched adjacent tissues. Moreover, it was indicated that VEGFR-2 and CD34 expression levels were both negatively related to OS.
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![Immunohistochemical staining of VEGFR2 in patients with HCC tumors and matched adjacent tissues in low and high bile acid groups. (A) Immunohistochemical staining of VEGFR2 in patients with HCC tumor tissues in low bile acid group. (B) Immunohistochemical staining of VEGFR2 in matched adjacent tissues in low bile acid group. (C) Immunohistochemical staining of VEGFR2 in patients with HCC tumor tissues in high bile acid group. (D) Immunohistochemical staining of VEGFR2 in matched adjacent tissues in high bile acid group. Low bile acid, ≤10 µmol/l; high bile acid, \>10 µmol/l. Scale bar, 100 µm. VEGFR2, vascular endothelial growth factor receptor 2; HCC, hepatocellular carcinoma.](ol-20-03-2729-g00){#f1-ol-0-0-11815}

![Immunohistochemical staining of CD34 in patients with HCC tumor and matched adjacent tissues in the low and high bile acid groups. (A) Immunohistochemical staining of CD34 in patients with HCC tumor tissues in low bile acid group. (B) Immunohistochemical staining of CD34 in matched adjacent tissues in low bile acid group. (C) Immunohistochemical staining of CD34 in patients with HCC tumor tissues in high bile acid group. (D) Immunohistochemical staining of CD34 in matched adjacent tissues in high bile acid group. Low bile acid, ≤10 µmol/l; high bile acid, \>10 µmol/l. Scale bar, 100 µm. HCC, hepatocellular carcinoma.](ol-20-03-2729-g01){#f2-ol-0-0-11815}

![Kaplan-Meier survival analysis of VEGFR-2 expression in patients with HCC. Correlation between the prognosis of patients with HCC and tumor expression of VEGFR-2. Low bile acid, ≤10 µmol/l; high bile acid, \>10 µmol/l. P=0.094. VEGFR-2, vascular endothelial growth factor receptor 2; HCC, hepatocellular carcinoma.](ol-20-03-2729-g02){#f3-ol-0-0-11815}

![Kaplan-Meier survival analysis of CD34 expression in patients with HCC. Correlation between the prognosis of patients with HCC and tumor expression of CD34. Low bile acid, ≤10 µmol/l; high bile acid, \>10 µmol/l. HCC, hepatocellular carcinoma.](ol-20-03-2729-g03){#f4-ol-0-0-11815}

![Serum BA level is negatively related to the percentage of circulating EPCs and CPCs in patients with HCC. (A) Flow cytometry gating strategy of EPCs (CD34+VEGFR-2+) in the mononuclear cells of peripheral blood between high-BA and low-BA groups. (B) Percentage of EPCs (CD34+VEGFR-2+) in the mononuclear cells of peripheral blood between the high-BA and low-BA groups. (C) Flow cytometry gating strategy of CPCs (CD34+CD133+) in the mononuclear cells of peripheral blood between high-BA and low-BA groups. (D) Percentage of CPCs (CD34+CD133+) in the mononuclear cells of peripheral blood between the high-BA and low-BA groups. Negative relationship between the percentage of (E) EPCs or (F) CPCs and Ln of serum BA. Low BA, ≤10 µmol/l; high BA, \>10 µmol/l. \*P=0.044 vs. low BA. BA, bile acid; CPCs, circulating progenitor cells; EPCs, endothelial progenitor cells; VEGF-2, vascular endothelial growth factor receptor 2; Ln, natural logarithm.](ol-20-03-2729-g04){#f5-ol-0-0-11815}

###### 

Association between VEGFR-2 expression in tumor tissues and clinicopathological characteristics in patients with HCC (n=72).

                                      VEGFR-2                     
  ------------------------- --------- --------- --------- ------- -------------------------------------------------------
  Sex                                                             
    Male                    60 (83)   24 (77)   36 (88)   0.012   0.91
    Female                  12 (23)   7 (23)    5 (12)            
  Age, years                                                      
    ≤50                     24 (33)   10 (32)   14 (34)   0.028   0.87
    \>50                    48 (67)   21 (68)   27 (66)           
  HBV infection                                                   
    Positive                56 (78)   22 (71)   34 (83)   1.46    0.23
    Negative                16 (22)   9 (29)    7 (17)            
  Tumor, cm                                                       
    ≤5                      35 (47)   24 (77)   11 (27)   18.09   \<0.001^[b](#tfn2-ol-0-0-11815){ref-type="table-fn"}^
    \>5                     37 (53)   7 (23)    30 (73)           
  TNM stage                                                       
    I--II                   25 (35)   11 (35)   14 (34)   1.06    0.30
    III--IV                 47 (65)   20 (65)   27 (66)           
  Recrudescence                                                   
    Yes                     38 (53)   15 (48)   23 (56)   0.42    0.52
    No                      34 (47)   16 (52)   18 (44)           
  Liver cirrhosis                                                 
    Yes                     49 (68)   20 (65)   29 (71)   0.31    0.58
    No                      23 (32)   11 (35)   12 (29)           
  Satellites nodules                                              
    Yes                     43 (60)   16 (52)   27 (66)   1.49    0.22
    No                      29 (40)   15 (48)   14 (34)           
  Venous invasion                                                 
    Yes                     52 (72)   23 (74)   29 (71)   0.11    0.75
    No                      20 (28)   8 (26)    12 (29)           
  Differentiation grade                                           
    Well                    21 (29)   13 (42)   8 (20)    4.79    0.091
    Moderate                29 (40)   9 (29)    20 (49)           
    Poor                    22 (31)   9 (29)    13 (31)           
  Child-Pugh stage                                                
    A                       25 (35)   10 (32)   15 (37)   0.15    0.70
    B and C                 47 (65)   21 (68)   26 (63)           
  Bile acid, µmol/l                                               
    ≤10                     30 (42)   18 (58)   12 (29)   6.023   0.014^[a](#tfn1-ol-0-0-11815){ref-type="table-fn"}^
    \>10                    42 (58)   13 (42)   29 (71)           
  AFP, ng/ml                                                      
    ≤20                     34 (47)   20 (65)   14 (34)   6.53    0.011^[a](#tfn1-ol-0-0-11815){ref-type="table-fn"}^
    \>20                    38 (53)   11 (35)   27 (66)           
  Total bilirubin, µmol/l                                         
    ≤21                     39 (54)   14 (45)   25 (61)   1.78    0.18
    \>21                    33 (46)   17 (55)   16 (39)           

P\<0.05

P\<0.001. AFP, α-fetoprotein; HCC, hepatocellular carcinoma; VEGF-2, vascular endothelial growth factor receptor 2; HBV, Hepatitis B.

###### 

Correlation between CD34 expression and clinicopathological characteristics in patients with HCC (n=72).

                                      CD34                        
  ------------------------- --------- --------- --------- ------- -------------------------------------------------------
  Sex                                                             
    Male                    60 (83)   22 (79)   38 (86)   0.75    0.39
    Female                  12 (17)   6 (21)    6 (14)            
  Age, years                                                      
    ≤50                     24 (33)   10 (36)   14 (32)   0.12    0.73
    \>50                    48 (67)   18 (64)   30 (68)           
  HBV infection                                                   
    Positive                56 (78)   21 (75)   35 (80)   0.21    0.65
    Negative                16 (22)   7 (25)    9 (20)            
  Tumor, cm                                                       
    ≤5                      35 (47)   19 (68)   16 (36)   6.79    0.009^[a](#tfn3-ol-0-0-11815){ref-type="table-fn"}^
    \>5                     37 (53)   9 (32)    28 (64)           
  TNM stage                                                       
    I--II                   25 (35)   12 (43)   13 (30)   1.34    0.25
    III--IV                 47 (65)   16 (57)   31 (70)           
  Recrudescence                                                   
    Yes                     38 (53)   6 (21)    32 (73)   18.07   \<0.001^[b](#tfn4-ol-0-0-11815){ref-type="table-fn"}^
    No                      34 (47)   22 (79)   12 (27)           
  Liver cirrhosis                                                 
    Yes                     49 (68)   19 (68)   30 (68)   0.001   0.98
    No                      23 (32)   9 (32)    14 (32)           
  Satellites nodules                                              
    Yes                     43 (60)   14 (50)   29 (66)   1.80    0.18
    No                      29 (40)   14 (50)   15 (34)           
  Venous invasion                                                 
    Yes                     52 (72)   18(64)    34 (77)   1.44    0.23
    No                      20 (28)   10 (36)   10 (23)           
  Differentiation grade                                           
    Well                    21 (29)   8 (29)    13 (30)   0.055   0.97
    Moderate                29 (40)   11 (39)   18 (40)           
    Poor                    22 (31)   9 (32)    13 (30)           
  Child-Pugh stage                                                
    A                       25 (35)   8 (29)    17 (39)   0.77    0.38
    B and C                 47 (65)   20 (71)   27 (61)           
  Bile acid, µmol/l                                               
    ≤10                     30 (42)   17 (61)   13 (30)   6.84    0.009^[a](#tfn3-ol-0-0-11815){ref-type="table-fn"}^
    \>10                    42 (58)   11 (39)   31 (70)           
  AFP, ng/ml                                                      
    ≤20                     34 (47)   15 (54)   19 (43)   0.74    0.39
    \>20                    38 (53)   13 (46)   25 (57)           
  Total bilirubin, µmol/l                                         
    ≤21                     39 (54)   13 (36)   26 (57)   0.041   0.84
    \>21                    33 (46)   10 (64)   18 (43)           

P\<0.01

P\<0.001. AFP, α-fetoprotein; HCC, hepatocellular carcinoma; HBV, Hepatitis B.

###### 

High expression of vascular endothelial growth factor receptor 2 in hepatocellular carcinoma patient tumor and matched adjacent tissues in low and high bile acid groups.

  Classification   Tumor   Adjacent   χ^2^   P-value
  ---------------- ------- ---------- ------ ---------
  Low bile acid    12      14                
  High bile acid   29      33         0.03   0.96

Low bile acid, ≤10 µmol/l. High bile acid, \>10 µmol/l.

###### 

High expression of CD34 in hepatocellular carcinoma patient tumor and matched adjacent tissues in low and high bile acid groups.

  Classification   Tumor   Adjacent   χ^2^    P-value
  ---------------- ------- ---------- ------- ---------
  Low bile acid    13      11                 
  High bile acid   31      30         0.077   0.78

Low bile acid, ≤10 µmol/l. High bile acid, \>10 µmol/l.

###### 

Univariate and Multivariate analyses of prognostic factors for survival in hepatocellular carcinoma.

                              Univariable                                             Multivariable                                                               
  --------------------------- ------------------------------------------------------- --------------------- ----------------------------------------------------- --------------------
  Sex                                                                                                                                                             
    Male and female           0.24                                                    0.53 (0.18--1.54)                                                           
  Age, years                                                                                                                                                      
    ≤50 and \>50              0.55                                                    0.80 (0.38--1.68)                                                           
  HBV infection                                                                                                                                                   
    Positive and negative     0.098                                                   1.93 (0.89--4.20)                                                           
  Tumor, cm                                                                                                                                                       
    ≤5 and \>5                0.34                                                    0.70 (0.34--1.43)                                                           
  TNM stage                                                                                                                                                       
    I--II and III--IV         0.030^[a](#tfn7-ol-0-0-11815){ref-type="table-fn"}^     0.42 (0.19--0.92)     0.55                                                  0.78 (0.35--1.76)
  Recrudescence                                                                                                                                                   
    Yes and no                0.048^[a](#tfn7-ol-0-0-11815){ref-type="table-fn"}^     0.47 (0.22--0.99)     0.61                                                  0.82 (0.37--1.79)
  Liver cirrhosis                                                                                                                                                 
    Yes and no                0.37                                                    0.72 (0.35--1.48)                                                           
  Satellites nodules                                                                                                                                              
    Yes and no                0.11                                                    0.54 (0.25--1.16)                                                           
  Venous invasion                                                                                                                                                 
    Yes and no                0.077                                                   0.50 (0.23--1.08)                                                           
  Differentiation grade                                                                                                                                           
    Well, Moderate and Poor   0.065                                                   0.51 (0.24--1.04)                                                           
  Child-Pugh stage                                                                                                                                                
    A, B and C                0.90                                                    1.05 (0.52--2.11)                                                           
  Bile acid (µmol/l)                                                                                                                                              
    ≤10 and \>10              0.58                                                    1.22 (0.61--2.42)                                                           
  AFP (ng/ml)                                                                                                                                                     
    ≤20 and \>20              0.14                                                    1.77 (0.84--3.72)                                                           
  Total bilirubin (µmol/l)                                                                                                                                        
    ≤21 and \>21              0.20                                                    1.59 (0.79--3.21)                                                           
  VEGFR-2                                                                                                                                                         
    High and low expression   \<0.001^[c](#tfn9-ol-0-0-11815){ref-type="table-fn"}^   0.15 (0.051--0.42)    0.020^[a](#tfn7-ol-0-0-11815){ref-type="table-fn"}^   0.27 (0.089--0.81)
  CD34                                                                                                                                                            
    High and low expression   0.005^[b](#tfn8-ol-0-0-11815){ref-type="table-fn"}^     0.057 (0.008--0.42)   0.035^[a](#tfn7-ol-0-0-11815){ref-type="table-fn"}^   0.11 (0.015--0.87)

P\<0.05

P\<0.01

P\<0.001. AFP, α-fetoprotein; HBV, Hepatitis B; VEGFR-2, vascular endothelial growth factor 2; HR, hazard ratio.

[^1]: Contributed equally
